OBJECTIVES: To target preventive strategies in old age, we investigated which very elderly are predisposed to developing lower respiratory tract infections. DESIGN: Prospective observational follow-up study.
INTRODUCTION
In the very elderly, the impact of lower respiratory tract infections is high, not only because of a high incidence, but also because elderly patients are likely to develop medical complications, be admitted to the hospital or die from lower respiratory tract infections. [1] [2] [3] [4] [5] Since the incidence of lower respiratory tract infections increases with age, 1, 2, 6 timely diagnosis and treatment of lower respiratory tract infections and preventive strategies against its occurrence, for instance pneumococcal vaccination, [7] [8] [9] [10] should be emphasized.
For introducing these preventive strategies, it is important to know which subgroups of the very elderly population are predisposed to developing lower respiratory tract infections. Earlier studies have shown that increasing age, 3, 4 institutionalization, 4,5 smoking, 3, 5, 11 alcoholism, 4 pulmonary disease, 4, 5, 11 heart disease, 4,5 neurological disease 5 and immunosuppressive therapy 4 may be contributing factors in the susceptibility of individuals to lower respiratory tract infections. However, until now no studies have been performed among the very elderly in the general population among whom the incidence is highest. Most previous studies that have investigated factors associated with lower respiratory tract infections included hospitalized patients and concerned the prognosis of patients with community acquired pneumonia (CAP) only. [12] [13] [14] [15] [16] [17] [18] [19] [20] The purpose of this study was to determine the incidence and predictive factors of lower respiratory tract infections among persons aged 85 years and over in the general population in order to provide more insight into which subgroups of the very elderly are at the highest risk of developing lower respiratory tract infections.
METHODS

Setting and study population
The Leiden 85-plus Study is an observational population-based prospective study of 85-yearold inhabitants of Leiden, the Netherlands. The overall aim was to investigate determinants and preventable causes of unsuccessful aging and to explore the possibilities for investing in successful aging. Between September 1997 and September 1999, all inhabitants of Leiden who reached the age of 85 years were invited to participate in the study. There were no selection criteria concerning health or demographic characteristics. Participants were followed for five years until the age of 90 years or until death. At baseline, all participants were visited at their place of residence where face-to-face interviews were conducted, cognitive testing was performed, information on income, education and disabilities in daily activities was obtained, and a venous blood sample was drawn. All participants gave informed consent; for people who were severely cognitively impaired, a guardian gave informed consent. The Medical Ethics Committee of Leiden University Medical Center approved the study.
Dates of death were obtained from the municipality. Specific data on causes of death were obtained from Statistics Netherlands, according to the International Classification of Diseases and Related Disorders, 10 th revision (ICD-10). The assignment of causes of death was done independently of the risk factors that were determined at age 85 years.
Lower respiratory tract infection
The endpoint of this study was the development of the first lower respiratory tract infection during the follow-up period. This endpoint was considered present when a treating general practitioner or nursing home physician diagnosed a lower respiratory tract infection based on history taking, physical examination and clinical judgement. These data were gathered during annual interviews with participating physicians. The endpoint was also reached when a participant without clinical diagnosis of lower respiratory tract infection during follow-up died from pneumonia.
Selection of potentially predictive factors
Based on a search of the medical literature 1,2,4-6,11-13 factors potentially associated with lower respiratory tract infections in the elderly were identified and selected for study. They were categorized as socio-demographic factors, functioning, co-morbidities and medication use. All potentially predictive factors were assessed when participants enrolled in the study at the age of 85 years.
Socio-demographic factors
During baseline interviews, a research nurse collected information concerning participants' residency, income, level of education and smoking habits.
Functioning To assess cognitive function the Mini-Mental State Examination (MMSE) was used. Severe cognitive impairment was defined as a MMSE score below 19 points. 21 In order to determine the presence of depressive symptoms, the Geriatric Depression Scale-15 (GDS-15) was performed; depressive symptoms were considered present in cases where a GDSscore was above 4 points. The GDS-15 was only administered to participants with sufficient cognitive function, i.e. to those with a MMSE score of 19 points or higher. 21 Disability in basic activities of daily life (ADL) was determined using the Groningen Activity Restriction Scale (GARS). We defined disability as being unable to do any one of the following nine basic ADL independently: walk inside, get out of bed, get into and out of a chair, use the toilet, wash hands and face, wash body, dress and undress, eat and drink, and make breakfast. 21 Co-morbidities and medication use Information on participants' medical history was obtained by standardized interviews with their treating general practitioner or nursing home physician. Information on participant's use of medication was obtained by interviewing their pharmacists. We obtained clinical information on the presence of diabetes mellitus, hypertension, myocardial infarction, stroke, heart failure and cancer. The presence of COPD was considered present when the diagnosis of COPD was reported by the treating physician or when lung medication (Anatomical Therapeutic Chemical (ATC) code R03) was used at age 85 years. Information on the use of glucocorticosteroids, was obtained from the participants' pharmacists and was also coded according to the ATC classification. 22 The presence of anemia was based on baseline hemoglobin level, which was determined by an automated system (Coulter Counter, Coulter Electronics, Hialeah, Fla). Anemia was defined according to WHO criteria: Hb < 7.5 mmol/L for women and Hb < 8.1 mmol/L for men. 23 Creatinine clearance and urea were determined as measures of renal function. Serum creatinine concentration was measured automatically according to the Jaffe method (Hitachi 747; Hitachi, Tokyo, Japan). Creatinine clearance was calculated from serum creatinine concentration and body weight, using the Cockcroft-Gault formula. 24 Low creatinine clearance was defined as creatinine clearance < 30 mL/min. Urea was measured in serum by means of a colorimetric method. Urea levels > 7.5 mmol/L were considered elevated urea levels. To further assess general health status, we determined C-reactive protein (CRP) levels with a fully automated Hitachi 911 analysis system. CRP levels > 5 mg/L were considered elevated CRP levels.
Data analyses
The incidence of lower respiratory tract infections from age 85 years onwards was calculated during 5 years of follow-up, using the life-table method. The number of first time lower respiratory tract infections was assigned to the nominator and the observed person-years at risk was assigned to the denominator. Factors which predicted the occurrence of lower respiratory tract infections in participants after the age of 85 years were investigated with Cox regression proportional hazard models. Those factors associated with lower respiratory tract infections in the univariate Cox regression analysis with a p-value below 0.10 were included in a multivariate Cox regression model. Since the GDS-15 was only administered to participants without cognitive impairment (a MMSE score of 19 points or higher, n=491), the variable "depressive symptoms" was not included in the multivariate analysis.
The relative contribution of the different factors to the occurrence of lower respiratory tract infections was determined by population attributable risks (PAR), which combine the relative risk and the prevalence of the different factors.
Data analyses were conducted using SPSS for Windows, version 12.0 (SPSS inc., Chicago, Illinois, USA).
RESULTS
Study population
Between September 1997 and September 1999, 705 participants were eligible for participation in the Leiden 85-plus Study. Ninety-two participants refused to participate and 14 participants died before enrolment, resulting in a study population of 599 participants (response rate of 87%). 25 For the present study, 12 participants for which valid clinical information about lower respiratory tract infections was missing were excluded. Therefore, our study population consisted of 587 persons. By the end of the follow-up period, there were still 273 participants aged 90 years ( Figure 1 ). During the 5-year follow-up period, 50 individuals refused further participation in the study and 264 individuals died. Primary causes of death were completed for 263 of the 264 participants. In total 39.5% died due to cardiovascular causes (ICD-10 I00-99) and 60.5% died due to noncardiovascular causes (all other ICD-10 codes). Of those, 17 participants had infection as primary cause of death, of whom 16 died due to pneumonia (ICD-10 J17). Of the deceased participants episodes of lower respiratory tract infections were registered until death occurred. Table 1 shows the baseline characteristics of study participants at the age of 85 years (n = 587). One third of the population was male and 15% of participants were institutionalized. One third of the population was restricted in their daily activities and over 15% was severely cognitively impaired.
Incidence of lower respiratory tract infections
In 5 years' follow-up, 173 first episodes of lower respiratory tract infections were observed during 1845 person-years (py) at risk, resulting in an overall incidence of lower respiratory tract infections of 94 (95% CI 80-108) per 1000 py. During the follow-up period 53 participants had recurrent lower respiratory tract infections (9% of total population, 31% of participants with lower respiratory tract infections). Table 2 shows the incidences of lower respiratory tract infections in various groups for all selected potentially predictive factors with concomitant univariate hazard ratios (HRs). The occurrence of lower respiratory tract infections was associated with (listed from highest to lowest HR) COPD, oral glucocorticosteroid use, medical history of stroke, severe cognitive impairment, smoking, disability in daily living, CRP >5 mg/L, institutionalization, depressive symptoms and male gender (table 2). Additional analyses showed that previous smokers (n=186) had a 1.92 (95% CI 1.37-2.68) increased risk to develop a lower respiratory tract infection compared to participants who had never smoked; for current smokers (n=92) this risk was 2.17 (95% CI 1.42-3.29). The occurrence of lower respiratory tract infections was not associated with socio-economic status (measured by income and educational level), renal function (measured by creatinine clearance and plasma level of urea) and diabetes mellitus ( Table 2) . Participants who had no influenza vaccination in the year before age 85 years had similar risks to develop lower respiratory tract infections as those who had an influenza vaccination (HR 0.82, 95% CI 0.56-1.20).
Predictive factors of lower respiratory tract infections
After multivariate analysis the following predictive factors remained significantly associated with the occurrence of lower respiratory tract infections (Table 3) : COPD, oral glucocorticosteroid use, current and previous smoking, severe cognitive impairment, medical history of stroke and disability in daily living.
Population attributable risk
To further assess the relative contribution of the various factors to the occurrence of lower respiratory tract infections in the general population from age 85 years onwards, the Population Attributable Risk (PAR) of each variable that remained predictive of lower respiratory tract infections in the multivariate analysis was determined ( Table 4 ). The highest PARs were revealed for current and previous smoking (32%), disability (21%), male gender (15%) and COPD (15%).
DISCUSSION
In this population-based prospective follow-up study of the very elderly, the incidence of lower respiratory tract infections was 94 per 1000 person years at risk. COPD, oral glucocorticosteroid use, smoking, severe cognitive impairment, medical history of stroke and disability in daily living were among the strongest predictive factors for developing lower respiratory tract infections between the age of 85 and 90 years. The population attributable risk was highest for smoking (32%).
In previous studies, the incidence of lower respiratory tract infections (defined as pneumonia and acute bronchitis) in persons aged 65 to 74 years was 42 per 1000 py, 2 and increased to 70 per 1000 py among persons aged 75 years and over. 6 In the present study in persons from age 85 years onwards, the incidence of lower respiratory tract infections was 94 per 1000 py. Thus the outcome of our study corroborates these earlier findings and supports the hypothesis that the incidence of lower respiratory tract infections increases with age, even in the higher age ranges. [3] [4] [5] It is well-known that patients with COPD have a higher rate of lower respiratory tract infections than those without COPD. [3] [4] [5] 11, [26] [27] [28] Indeed, in our study population, the presence of COPD was a predictor of lower respiratory tract infections. Interestingly, however, smoking carries an equal risk and contributed even stronger to lower respiratory tract infections in our study. It is possible that clinically undiagnosed COPD in elderly current and previous smokers underlies part of these associations. An additional likely explanation is that smoking impairs immunological processes in the lung and directly causes an increased risk of respiratory tract infections in smokers. [29] [30] [31] In our study, factors reflecting declined functional status (severe cognitive impairment and disability in daily living) were also found to be predictors of lower respiratory tract infections from the age of 85 years onwards. Our results confirm the findings of the study by Lipsky et al., who found a relation between both dementia and stroke and pneumococcal pneumonia in patients, aged 50-80 years. 5 Since more than one third of our population-based sample was restricted in their functioning, declined functional status importantly contributes to the occurrence of lower respiratory tract infections in the general population, reflected by a total PAR of 33%.
Lower respiratory tract infection is a known complication of clinical influenza infection, especially in the elderly. With influenza vaccination, the incidence of both influenza and its complications will be lowered. Therefore influenza vaccination will be offered especially to elderly at risk for lower respiratory tract infections. Interestingly, in this study we found that participants who had no influenza vaccination in the year before age 85 years had similar risks to develop lower respiratory tract infections as those who had received a vaccination (HR 0.82, 95% CI 0.56-1.20). This may be a positive vaccination effect, since those elderly who received the influenza vaccination were expected to have a higher risk of lower respiratory tract infections.
Although diabetes mellitus is reportedly associated with a greater predisposition to infections, [32] [33] [34] [35] we did not find any association between diabetes mellitus and lower respiratory tract infections. This finding is in line with the findings of three other investigations on this topic. 3, 5, 11 Recently, a Dutch study showed that patients with type 2 diabetes mellitus had a higher risk of lower respiratory tract infections, compared to patients with hypertension (OR 1.3 (95% CI 1.1-1.5)). 35 Differences in age, type of diabetes and definition of lower respiratory tract infections possibly underlie the inconsistency with our data and might also explain the inconsistent findings.
The present study is a unique population-based sample of participants aged 85 years and over, with extensive baseline measurement and almost complete follow-up for morbidity and mortality. To our knowledge, we are the first to examine the incidence and predictive factors of lower respiratory tract infections in a large group of unselected 85-year-olds in a population-based setting.
It may be considered as a limitation of our study that lower respiratory tract infections were not diagnosed by standardized diagnostic procedure including chest radiography, sputum and blood cultures. In our study, however, all lower respiratory tract infections have been clinically diagnosed by general practitioners and nursing home physicians based on medical history taking, physical examination and clinical judgment during a consultation of the patient. In the preparation phase of the Leiden 85-plus Study, we decided to measure lower respiratory tract infections instead of pneumonia because this latter diagnosis is generally known to be inaccurate in elderly patients in primary care, since diagnostic procedures such as chest radiography, sputum, and blood cultures are not usually carried out 3 . Due to this design, we do not have any information about the incidence of the sub diagnosis viral pneumonia, bacterial pneumonia or acute bronchitis. This procedure, however, reflects usual primary care and enables generalization of our results to daily care.
What is the clinical importance of our findings? Since most developed countries face population ageing and the incidence of lower respiratory tract infections increases with age, it is important to consider preventive and early clinical management strategies for lower respiratory tract infections in the very elderly. For very elderly at high risk for lower respiratory tract infections, two strategies of prevention are possible. First, elderly with changeable risk factors could be advised to reduce exposure to these factors; very elderly who currently smoke could be advised to stop or reduce smoking, and unnecessary use of glucocorticoids could be reduced. Second, those very elderly at risk could be firmly advised to apply for influenza and pneumococcal vaccination. Before giving these advices and changing current guidelines, however, effects of both strategies on reducing lower respiratory tract infections in very elderly people have to be studied in randomized intervention studies.
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